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* NOTICES * 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The element indicated below by weight %, i.e., 1 1 - 13%, 3 - 5% of chromium 0.5 - 2.5% of tungstens 3 - 5% of 
molybdenum 3 - 5% of aluminum 3 - 7% of titanium 1 - 5% of tantalums Heat-resistant structural member which consists of the 
superalloy of the nickel base containing the rhenium remaining nickel and an impurity (1). 

[Claim 2] The structural member according to claim 1 characterized by a rhenium content being at least 2 % of the weight. 
[Claim 3] The structural member according to claim 1 or 2 characterized by superalloy containing a ruthenium. 
[Claim 4] The structural member according to claim 3 characterized by the highest content of the ruthenium of superalloy being 3 % 
of the weight. 

[Claim 5] The structural member according to claim 3 or 4 to which the minimum content of the ruthenium of superalloy is 
characterized by being especially 0.5 % of the weight 0. 1% of the weight. 

[Claim 6] Claim 1 characterized by the cobalt content of superalloy being 12 or less % of the weight thru/or the structural member of 
one publication of five. 

[Claim 7] Claim 1 characterized by the niobium content of superalloy being a maximum of 1 % of the weight thru/or the structural 
member of one publication of six. 

[Claim 8] The element which superalloy indicates below by weight %, i.e., 0 - 2%, 0-1% of hafniums 0 - 0.05% of zircon 0 - 0.2% of 
boron Claim 1 characterized by containing at least one of the carbon thru/or structural member of one publication of seven. 
[Claim 9] The element indicated below by weight %, i.e., 1 1 - 13%, 3 - 5% of chromium 0.5 - 2.5% of tungstens 3 - 5% of 
molybdenum 3 - 5% of aluminum 3 - 7% of titanium 0.1 - 5% of tantalums Heat-resistant structural member which consists of the 
superalloy of the nickel base characterized by including the ruthenium remaining nickel and an impurity. 

[Claim 10] The structural member according to claim 9 characterized by the cobalt content of superalloy being 12 or less % of the 
weight. 

[Claim 1 1] The structural member according to claim 9 or 10 characterized by the niobium content of superalloy being a maximum of 
1 % of the weight. 

[Claim 12] At least one of the elements which superalloy indicates below by weight %, i.e., 0 - 2%, 0 - 1% of hafniums 0 - 0.05% of 
zircon 0 - 0.2% of boron Claim 9 characterized by containing carbon thru/or structural member of one publication of 1 1. 
[Claim 13] Claim 1 characterized by having the granular structure (9) which the structural member (1) solidified to the stacking 
tendency thru/or the structural member of one publication of 12. 

[Claim 14] Claim 1 characterized by a structural member (1) having single crystal structure thru/or the structural member of one 
publication of 12. 

[Claim 15] Claim 1 characterized by a structural member (1) having isotropic distribution of the orientation of granular structure 
thru/or the structural member of one publication of 12. 

[Claim 1 6] Claim 1 characterized by forming a structural member as a gas turbine aerofoil thru/or the structural member of one 
publication of 15. 

[Claim 17] Claim 1 characterized by casting according to the casting process of common use thru/or the manufacture approach of the 
structural member (1) one publication of 16. 

[Claim 1 8] Claim 1 characterized by solidifying superalloy to a stacking tendency or a single crystal, and cooling by the cooling metal 
of a liquid, or the inorganic salt of a liquid in a vacuum in that case thru/or the manufacture approach of the structural member (1) one 
publication of 16. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

This invention relates to the heat-resistant structural member which consists of the superalloy which uses nickel as the base. Moreover, 

this invention relates to the manufacture approach of this structural member. 

[0002] 

The German patent No. 2333775 specification shows the heat treatment approach of a nickel alloy. This nickel alloy consists of 0.3% 
or less of carbon, 11 - 15% of chromium, 8 - 12% of cobalt, 1 - 2.5% of molybdenum, 3 - 10% of tungsten, 3.5 - 10% of tantalum, 3.5 
- 4.5% of titanium, 3 - 4% of aluminum, 0.005 - 0.025% of boron, 0.05 - 0.4% of zircon, and the remaining nickel. Furthermore, 
including 0.01 - 3% of hafnium additionally, this alloy forms massive carbide by suitable heat treatment in that case, distributes 
nickeB (aluminum, Ti) phase minutely, and is deposited. There is no reference about addition of a rhenium or a ruthenium. 
[0003] 

A U.S. Pat. No. 561 1670 specification indicates the rotary wing of a gas turbine. This rotary wing has the platform part of a single 
crystal, and the piece of a bucket of a single crystal. The fixed portion of an aerofoil is finished in the organization solidified to the 
stacking tendency. This aerofoil by the weight ratio 0.2% or less of carbon, 5 - 14% of chromium, 4 - 7% of aluminum, 2 - 15% of 
tungsten, 0.5 - 5% of titanium, 3% or less of niobium, It is cast from superalloy with the presentation of 6% or less of molybdenum, 
12% or less of tantalum, 10.5% or less of cobalt, 2% or less of hafnium, 4% or less of rhenium, 0.035% or less of boron, 0.035% or 
less of zircon, and the remaining nickel. Although this extensive presentation is used as data of an alloy presentation which fitted the 
target gas turbine aerofoil fundamentally, it does not show the suitable presentation range to anti-oxidation and special corrosion 
resistance, or special reinforcement. 
[0004] 

The Europe patent No. 0297785 specification indicates the superalloy of the nickel base with a single crystal. This superalloy has the 
presentation which consists of 0.5 - 3% of molybdenum 6 - 15% of chromium, 5 - 12% of tungsten, 0.01 - 4% of rhenium, 3 - 9% of 
tantalum, 0.5 - 2% of titanium, 4 - 7% of aluminum, and if needed in a weight ratio. The crack-proof nature to an elevated temperature 
and corrosion resistance are attained by this superalloy. The content of titanium must not exceed 2 % of the weight so that corrosion 
resistance may not be spoiled. 
[0005] 

Especially a U.S. Pat. No. 5122206 specification has the narrow coexistence band of solid phase and the liquid phase, and the 
superalloy of the nickel base which fitted the casting process of a single crystal especially the result is indicated. This alloy is replaced 
with 10 - 30% of chromium, 0.1 - 5% of niobium, 0.1 - 8% of titanium, 0.1 - 8% of aluminum and 0.05 - 0.5% of copper, or copper in 
a weight ratio, and consists of 0. 1 - 3% of tantalum. In the case of the 1st, in the case of the 2nd, a hafnium or a rhenium may be 
further replaced with a rhenium or a hafnium with 0.05 - 3% of content if needed, and 0.05 - 0.5% of copper may be contained. 
Furthermore, if, 0.05 - 3% of molybdenum and a tungsten may be contained. 
[0006] 

Especially, especially the technical problem of this invention has desirable properties, such as stability over generation of the phase 
between metals to which thermal resistance, oxidation resistance, corrosion resistance, and ductility are reduced, and is to offer the 
structural member which consists of nickel base superalloy. The further technical problem of this invention is to offer the manufacture 
approach of such a structural member. 
[0007] 

A technical problem [ as opposed to / according to this invention / a structural member ] is the element which the presentation 
indicates below by weight %, i.e., 1 1 - 13%. Chromium, 3 - 5% A tungsten, 0.5 - 2.5% Molybdenum, 3 - 5% Aluminum, 3 - 5% 
Titanium, 3 - 7% A tantalum, 1-5% The heat-resistant structural member which consists of the superalloy of the nickel base 
containing a rhenium, the remaining nickel, and an impurity be solved 
[0008] 

The superalloy of the above-mentioned structural member clarifies having an advantageous property especially in that presentation for 
this structural member for the first time about the stability over formation of the phase between metals which reduces ductility in 
thermal resistance, anti-oxidation, and a corrosion-resistant list. By extensive research done by preceding with this invention, the 
above-mentioned special presentation with which the property of the above-mentioned request is filled wonderfully was found out. 
Especially this invention leaves many [ for the chromium which raised reinforcement by addition of a rhenium ] superalloy in that 
case. Formation of the brittle phase between metals started by the rhenium is controlled by the presentation delicately balanced with 
other elements. 
[0009] 

The content of a rhenium is advantageous in it being at least 2 % of the weight. 
[0010] 

It is good for this superalloy to add a ruthenium. The inclination which forms the brittle phase between metals especially is further 
reduced by addition of a ruthenium. Especially when 2% of the weight or more of a rhenium was contained, and the ruthenium was 
added, it turned out that it is desirable. The minimum content has [ the highest content of a ruthenium ] 0.1 advantageous % of the 
weight 3% of the weight in that case. 
[0011] 

The cobalt content of this superalloy is advantageous in it being 12 or less % of the weight. 
[0012] 
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When this superalloy contains a maximum of 1 % of the weight of niobium, it is desirable. 
[0013] 

It is advantageous if at least one of the elements indicated below in this superalloy if needed, i.e., 0 - 2% of the weight of a hafnium, 0 

- 1% of the weight of zircon, 0 - 0.05% of the weight of boron, and 0 - 0.2% of the weight of carbon are included. 

[0014] 

The presentation is weight % and a technical problem [ similarly as opposed to / according to this invention / a structural member ] is 
1 1 - 13%. 3 - 5% of chromium 0.5 - 2.5% of tungstens 3 - 5% of molybdenum 3 - 5% of aluminum 3 - 7% of titanium 0.1 - 5% of 
tantalums The element of the ruthenium remaining nickel and an impurity is contained, and the presentation of the heat-resistant 
structural member which consists of the superalloy of the nickel base is solved. 
[0015] 

It turned out that the advantage of such a structural member is a thing equivalent to the above-mentioned operation gestalt over the 
advantage of the structural member containing a rhenium. Moreover, to a surprising thing, ** can also attain especially advanced 
thermal resistance by addition of a ruthenium excluding a rhenium, and anti-oxidation/corrosion resistance of the presentation of the 
above in that case is high similarly to coincidence. 
[0016] 

Preferably, the cobalt content of this superalloy is 12 or less % of the weight, and, on the other hand, a niobium content is a maximum 
of 1 % of the weight. It is good in this superalloy to add 0 - 2% of the weight of a hafnium, 0 - 1% of the weight of zircon, 0 - 0.05% 
of the weight of boron, and/or 0 - 0.2% of the weight of carbon. 
[0017] 

It is advantageous if it has the granular structure which this structural member solidified to the stacking tendency. In the organization 
solidified to such a stacking tendency, the grain boundary is mostly oriented in accordance with the shaft. Therefore, in accordance 
with this shaft, high reinforcement is obtained especially. 
[0018] 

Preferably, this structural member has a single crystal organization. By the organization of this single crystal, the grain boundary in the 

structural member to which reinforcement is reduced is avoided, and high reinforcement produces it especially. 

[0019] 

This structural member forms as a gas turbine aerofoil and is advantageous. A very high demand is imposed on a gas turbine aerofoil 

about thermal resistance, and anti-oxidation/corrosion resistance. 

[0020] 

According to this invention, the technical problem to an approach is solved by the approach of manufacturing according to the casting 
process of common use of the structural member which consists of the superalloy by the practice mentioned above. In such a casting 
process of common use, detailed cast structure [ particle / for structural members ] is obtained. Especially this casting process is 
advantageous on costs. 
[0021] 

the structural member which the technical problem to this approach has the above-mentioned presentation similarly, and consists of 
superalloy — this superalloy - a stacking tendency — or it is solved by cooling so that it may solidify to a single crystal, and cooling in 
a vacuum with the cooling metal of a liquid in that case. This process called a liquid metal cooling process improves the quality and 
the rate of a casting process remarkably. Cooling is performed only by radiation in a vacuum. The cooling effect is remarkably raised 
by this liquid cooling metal. It can make the most of this cooling process that cools the structural member which should be solidified 
by that cause in accordance with the shaft of a structural member in solidification as perfect as possible and quick. 
[0022] 

The example of this invention is explained in full detail below based on a drawing. 
[0023] 

Drawing 1 shows the top view of the heat-resistant structural member formed as a gas turbine aerofoil 1 . This gas turbine aerofoil 1 
has the piece 3 of a bucket, a platform 5, and a fixed portion 7. It solidifies to a stacking tendency and the gas turbine aerofoil 1 is 
manufactured so that the grain boundary 9 by which orientation was carried out in accordance with the shaft 8 of an aerofoil into the 
casting process may be generated. 
[0024] 

The gas turbine aerofoil 1 is formed from the superalloy of the nickel base which has one of the presentations indicated to drawing 3 . 
Drawing 3 shows an element content by weight % respectively about six different alloys LI in each line - L6. The residues which 
supply and become 100% are nickel and an unescapable impurity. 
[0025] 

Drawing 2 shows the metal for manufacturing a turbine blade in mold 102 preferably immersed for cooling into tin, an inorganic salt, 
or the bath liquid 103 of the liquefied coolant of boron oxide, especially the melt 101 of superalloy. This liquefied coolant 103 A has 
the 2nd temperature lower than the 1st temperature of melt 101. The spherical solid-states 105 and 106 (the hollow ball 105, solid ball 
106) tend to flow, and this bath liquid 103 is covered with the cover layer 104 which consists of adiathermic rose material. The hollow 
ball 105 is good to make from ceramic material like a silicon dioxide and an aluminum oxide (mullite). The solid ball 106 is good to 
make from an aluminum oxide, magnesium oxide, or an ingredient like oxidization zircon. The solid-state which forms a solid ball 
may be formed from the powder particle 106 of commercial powder. A cover layer 104 reduces clearly supply of the heat from the 
heating zone region 107 where it was put into the mold 102 which has melt 101 first to into bath liquid 103. In the heating zone region 
107, this mold 102 is very expensive, especially exists at the 1st temperature of 1600 degrees C. A high temperature reduction is 
especially formed according to a high temperature gradient inside a cover layer 104. By supply of the heat into the mold 102 following 
the inside of melt 101, and the heating zone region 107, a high temperature gradient arises similarly again in the melt 101 of the range 
where mold 102 crosses a cover layer 104 by taking out of the heat from the mold 102 in melt 101 and bath liquid 103. The gas turbine 
aerofoil 1 which has the workpiece especially radial crystal, or single crystal organization of plurality [ solidification / melt 101 carried 
out / solidification / orientation according to this high temperature gradient / ** / single ] is produced. Mold 103 can be carried in bath 
liquid 103 by the attaching part 111. 
[0026] 

Especially an advantageous alloy has the presentation indicated below. 

Presentation 1 aluminum: 3. 4%, Cr:12.5%, Co:9%, Mo: 1.9%, W:4%, Ta:4%, Ti:3.9%, Re:3%, C:0.08%, B:125 ppm, Zr:80ppm, 
Hf:<100ppm, nickel: Total residue. 

Presentation 2 aluminum: 3. 6-4%, Cr:12.5%, Co:9%, Mo: 1.9%, W:4%, Ta:6%, Ti:3.9%, C:0.08%, B:125 ppm, Zr:80ppm, less than 
[ HflOOppm ], nickel: Total residue. 
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Presentation 3 aluminum: 3.8%, Cr:12%, Co:4%, Mo: 1.5%, W:3.5%, Ta:6%, Ti:3.9%, Re:2.5%, C:0.08%, B:125 ppm, Zr:80ppm, less 
than [ Hf:100ppm ], nickel: Total residue. 

Presentation 4 aluminum: 3.8%, Cr:12%, Co:4%, Mo: 1.5%, W:3.5%, Ta:6%, Ti:3.9%, Re:2.5%, Ru:l%, C:0.08%, B:125 ppm, 
Zr:80ppm, less than [ Hf: lOOppm ], nickel: Total residue. 

Presentation 5 aluminum: 3. 8%, Cr:12%, Co:4%, Mo:1.9%, W:4%, Ta:6%, Ti:3.9%, Re:1.5%, C:0.08%, B:125 ppm, Zr:80ppm, less 
than [ Hf: lOOppm ], nickel: Total residue. 
[Brief Description of the Drawings] 
[Drawing 1] 

The top view of the heat-resistant structural member formed as a gas turbine aerofoil by this invention. 
[Drawing 2] 

Drawing showing the manufacture approach of a gas turbine aerofoil. 
[Drawing 3] 

The graph showing the presentation of superalloy. 
[Description of Notations] 

1 Gas Turbine Aerofoil 105 Hollow Ball 106 Solid Ball 3 Piece of Bucket 5 Platform 7 Fixed Portion 8 Shaft of Aerofoil 9 Grain 
Boundary 101 Metaled Melt 102 Mold 103 Bath Liquid 103 A Liquefied Coolant 104 Cover Layer 107 Heating Zone Region 1 1 1 
Attaching Part 

[Translation done.] 
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Prawing 1] 




FIG1 



[Drawing 2] 
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[Drawing 3] 
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